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Gas Exchange during An&esthesia
General anesthesia is associated with a number of abnormalities of pulmonary function, some of which have direct clinical significance. In many cases the cause of the malfunction has not yet been elucidated.
During anmsthesia, alveolar ventilation may vary widely in response either to respiratory depression on the one hand or artificial hyperventilation on the other. Acute changes of Pco2 commonly occur within the range 20-70 mmHg. The normal range is rapidly regained within about an hour of the end of anxsthesia in uncomplicated cases, and it has not been possible to demonstrate any serious deleterious effects resulting from these changes.
Physiological deadspace is usually raised during anesthesia. From carina downwards the mean value for the deadspace :tidal volume ratio (VDIVT) is 0.32 after correction for apparatus deadspace, but when the volume of the endotracheal tube and attachments is added, this rises to 0.51. In the unintubated patient with a conventional anmsthetic face mask included, the observed mean VD/VT ratio is 0.68 (Kain et al. 1969 ). The physiological deadspace is increased in its alveolar component but the cause of the increase remains unknown: it does not appear to be due to pulmonary hypotension.
Alveolar/arterial Po2 gradient is raised during anmsthesia, particularly in older subjects. The increased gradient would accord with a shunt of 10% of cardiac output and it is therefore usually possible to maintain a normal arterial Po2 by using an inspired oxygen concentration within the range 30-40% (Nunn 1964) . The gradient usually reverts to normal within the first few hours after operation. The increased alveolar/arterial Po2 gradient was first observed in 1957 but has still not been explained with certainty. For a time it was thought to be due to progressive pulmonary collapse (Bendixen et al. 1963 ), but this is by no means a universal change although it may occur in a small number of patients. It has also been suggested that anesthesia might cause an increased scatter of ventilation/perfusion ratios throughout the lung but this does not seem to be the case when horizontal strata of lung are considered (Hulands etal. 1970) .
The most likely explanation of the increased gradient is now thought to be airway closure following reduction of functional residual capacity (FRC), which appears to be a normal effect of anesthesia (Laws 1968 , Don et al. 1970 ). The mean reduction is of the order of 400 ml which is a substantial proportion of the expiratory reserve volume in the supine position and will reduce the FRC below the closing volume in many older patients.
The discovery of the fall in FRC may have solved one problem but it has posed another. There is currently no explanation for the fall in FRC; it appears too large to be explained by a change in central blood volume, which in any case has never been demonstrated. At first, it seemed that the FRC might be reduced by expiratory muscle activity, which is a common feature of anasthesia with spontaneous breathing. However, we have recently demonstrated that FRC is still reduced during anaesthesia without expiratory muscle activity.
There is also the possibility that anxsthetics have a direct effect upon pulmonary vasomotor control. There has been speculation about, but no demonstration of, the opening of the sperr arteries described by von Hayek (1960) . Professor Sykes's group at Hammersmith has recently shown that anesthetics can block the hypoxic vasoconstrictor reflex in cats (Sykes et al. 1972) .
If this also occurs in man, it suggests that anxsthetics could prevent the diversion of pulmonary blood flow away from less well oxygenated parts of the lung. This could be important in the presence of reduction of lung volume.
